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ABSTRACT

Sex-age compositions of mountaln t (Oreamnos amerlcanus) groups on
Mount Evans, Colorado, were determined during late-summer, 1981,
Eighty-four percent of dbserved groups contalned klds and/or yearlings.
Groups without kids or yearlings were composed exclusively of adult and/or
2-year-old males. Few adult males were observed using alpine tundra
habitats durlng late-summer. Because adult males are less observable,
kid:yearling:acult ratins are blased and tend to overestimate the
proportions of kids and yearlings in populations. Implications of these
findings for population estimation and modeling are discussed.
Recommendations for standardizing methods of obtaining age ratios are given.

INTRODUCT 10N

Mountain goat age ratios have been used as indicators of reproductive
success and kid survival, and to evaluate population trends. In additlon,
age ratlos are used In setting harvest rates for some goat populations.
However, because mountaln goats are not smunllg dimorphic, classification
is often difflcult. Consegquently, t age ratios are often reported as
glther kids per adult or kids per older animal Instead of as kids per adult
female, as with other ungulates. To our knowledge, the validity of
mountaln goat age ratlos as Indicators of reproductive success has not been
axamined.

M jectives of this paper are to: (1) present data on late-summer group
composition of mountain goats on Mount Evans, and (2) examine the accuracy
of age ratlos as indicators of reproductive success of mountain goats.

lprasent address: Oepartment of Biological Sclences, Michigan
Technological University, Houghton, MI 45931
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METHIDS

Ground surveys, initlated from the Mount Evans rosd (Colorado Highway
5), were conducted on 9 days from 30 July to 19 August, 1981, to locate and
classify mountaln goats, Oespite being a hunted population, goats on Mount
Evans have become hablituated to the presence of humans due to the smount of
human activity on and near the Mount Evans road. This relative "tameness"
provided an unusual opportunity to approach and observe goats at close
range (often <15m). From such cdistances it was possible to determine the
exact sex-age composition of all groups observed. Goats were classified as
kias, yearlings by sex, Z-year-olds Dy sex, or as adults by sex using horn
characteristics, urination postures, external genitalia, and nanny-icid
associations (Brandhorg 1955).

G.rwp composition data were compared with sex-age ratios derived from a
{ intensive gound survey of Mount Evans conducted by Colorado Dlvlsion
l:lf' Wildlife personnel on 21 July, 1981. For this survey, goats were

classifled as klds, yearllngs, older anlmals (elther yearlings or adults)
or as adults (males, females, or unclassified).

When goats were observed, the date, time, location, group size and
compasition, group activity, and habitat type were recorded on standard
observation forms. Goats were considered within the same group LT they
were in visual contact and< 50 m apart.

RESLLTS

A total of 118 goats was observed from 12 walking routes during an
intensive l-day ground survey of alpine tundra habitats on Mount Evans on
21 July, 1981 (Table 1). s.muT the age ratio in 11 "older® goats was
the same as the ratlo in 72 classified yearlings and adults, the observed
kid: rﬁéﬂhwmmlt ratlo was 57:36:100. The observed kid: older goat ratio
was 42;100.

Df the 64 groups observed during the 9 days of ground surveys, Ba%
contained either kid and/or yearling goats (Figure 1). All adult and
2-year-old females observed were in groups containing either kid and/or
yearling goats. Thirty-seven percent of observed nanny-juvenile groups
contalned mature males. Groups without kids or yearlings were composed
exclusively of adult and/or 2-year-old males. MNine of 10 ohserved groups
composed of adult and/or 2-year-old males contalned 2 or fewer goats, and
74% of all adult and 2-year-old males observed using alpine tundra habltats
were in groups of 5 or less Individuals (Figure 2). Nanny-juvenile groups
{averaging 6.4 Individuals) were significantly
(P £ 0.001) larger than were male-only groups (averaging 1.6 Individuals).
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Figure 1. Composition of 64 mountain goat groups cbserved using
alpine tundra habltats on Mount Evans during 30 July - 19 August,
1781l.
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Figure 2. Frequency distribution of group size categorles for
adult and 2-year-old male, and female mountain goats observed
using alfl.nu tundra habitats on Mount Evans during 30 July - 1%
August, l¥8l.



Table 1. Late-summer population structure of mountain goets using alpine
tundra habitat on Mount Evans as determined from a l-day Intensive ground

suTvey.
Coats Adult
Counted ~Wales Females Uncl.l OlderZ  Yearlings  Kids
118 7 35 11 11 19 35

lunc. = Unclassified.
2plder goats are either yearlings or adults.

Group composition data from the 9 days of ground surveys were poolad
using the minimum population method (Geist 1971, Table 2), Although the
population estimate cbtained from this method (71 goats) was smaller, the
kid:yearling: adult ratio (59:32:100) and the kid:older ratio (45:100) were
very similar to results of the l-day Intensive ground survey. This
suggests that both surveys were egually representative of the goats using
alpine tundra habitats during this perlod.

Table 2. Sex-age compositlon of the known minlmum population of mountaln
ts using alpine tundra habitats on Mount Evans during 30 July-19 August,
981,

Hnown MinImum Adults 2-Year-01d Vearling '

Population Size Males Females Wales Females  Males Femalss Wide

71 7 22 ? 3 & 6 22
DISCUSSION

SOCIAL DYNAMICS

Chadwick (1977) hypothesized that, beginning at 2 years of age, male
mountaln goats occupy ranges peripheral to or separate from those of
females and subadults. Such spatial separation minimizes competition
batwesn adult males and females and thelr offspring, and reduces the
potentlal for injury to kids through interactions with adult males (Gelst
1574, Chadwick 1977, Dane 1577, Singer 1977). In additlon, adult male
goats tend to occur In smaller groups during summer than do nannles and
‘?mmiles. and inhabit more rugged terrain where they are less cbservable

Gelst 1974, 1978: Rideout 1975, Chadwick 1977, Masteller 1980, Adams 1581,
Adams et al. 1982).

By forming large groups in open tundra habitats, nanny-juvenile g:gws
may be better able to avoid predators. Although goats possess formidable
horns, nannies with kids could be surprised by predators in forested
habitats. In contrast, goats in large groups in open tundra habitat can
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use mutual alertness and ?:nn visibility to detect predators at a distance
and can move vulnerable offspring to secure terrain when necessary.
Furthermore, prelimlnary analysis of data from Mount Evans (Risenhoover, in
prep.) suggests that goats In larger groups were less antagonistic toward
each other when compared to Individual goats in smaller groups.

Gregariousness 1s a common mechanism in predator-evasion strategles of
mﬂ?.llatu inhabiting open habitats (walther 1569, Estes 1974, Bergerud
1974, Jarman 1974, Jarman and Jarman 1974, Bertram 1978, Risenhoover and
Balley 1980, Selgfried 1980). We hypothesize that nannies and Juvenlles
become more gregarlous on more open alpine tundra habltats during summer,
when kids are small and vulnerable, at least partly to avold predators. In
contrast, mature billles avold competition with nannies and Juveniles by
avolding alpine tundra habitats and by occupying more rugged areas, often
in more forested habitats. Billies which remain on alpime tundra ranpes
with mannies and juveniles are obliged to keep their distance from kids by
frequent agonistlc encounters with nannies (Risenhoover, In prep.) and as a
result, tend to form small bachelor groups.

Assuming ther® is an B0:100 (male:female) sex ratio among adult goats
on Mount Evans, approximately 2% of the adult males were unaccounted for
during the l-day Intenslve ground survey and during the other ¢ field
days. Such a sex ratio 1s mot unreasonable since harvest data for Colorado
(Adams 1981) indicate only a slight selection for male goats (58% of all
harvested goats were males).

Geist (1964) also observed a low ratin of adult males to females in
late September. However, the ratio of males to females increased from
10:100 in late September to B0:100 during the rut In November, supporting
the premise that, during late summer, adult males occupy habltats other
than those belng utilized by nanny-juvenile groups.

IMPLICATIONS FOR AGE RATIDS

A varlety of age ratlos may be used as data on mountain goat
populations dependlng upon opportunities for accurate sex-age
classification. At one extreme, obgervers in fixed-wing alrcraft may only
classify goats as kids vs. older animals, especially In autumn when
yearlings cannot be rellably distinguished from adults. With ground-based
surveys in late summer, kid:yearling:acult ratios may be obtained from most
Colorado populations. The opposite extreme is represented by this study in
which habituated goats were observed from short distances and 7 sex-age
Classes were ldentified. However, few mountain goat populations are so
accessible and habltuated to people.

It is often tempting to survey populations in late summer because (1)
E:ﬂrlinp can be distinguished from adults, even at a distance; and (2)
ecause at least some populations exhibit large groups of goats on tundra
during late summer, allowing large numbers of goats to be found and
classified. However, this study supports Chadwick's (1977) hypothesis
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concerning differential habltat use between adult male and female goats in
summer. In addition, it appears that adult males are less ohservable than
are nannies and juveniles, probably because they use more rugged terrain
and/or forested habitats and because they tend to be in smaller groups.
Masteller (1980), using ground surveys, found marked adult male goats were
regbserved 0,32 times as often as were marked female goats durlng summer.
fAs a result, sex-age ratios based upon summer classification counts are
biased because adult males are under-represented, and kid:yearling:adult
ratlos will overestimate rates of production and recrultment. Likewise, if
numbers of kids and yearlings in a goat herd are estimated by combining age

ratios obtained in summer with a population census, these numbers will be
overestimated.

Based on data from Gelst (1964), more accurate age ratlos might be
obtalned durlng the rut. However, at this time yearlings may not be
distinguished from adults under some survey conditlons. (Distinguishing
yearlings from adults in autumn will be especlally difficult if yearlings
grow especially large. Exceptional yearl growth might be common in
Colorado's Introduced goat herds If they exist at low densities in relation
to forage resources that were explolted llttle before goat Introductlons.)
If only the pre-winter kid crop is to be estimated, kid:older animal ratios
cbtained in the rut should be considered. If the yearling crop is also to
be estimated, an unbiased prediction might result if & kid:yearling ratio
is obtained in late summer and a kid:older animal ratio is obtained during
the rut. If one assumes the ratio of kids:yearlings Is stable during
summer to the rutting period, the number of ;::ru classed as older
animals during the rutting season can be estimated from the late-summer
ratio. These possibilities deserve additlonal research.

An slternative for estimating rates of production and recruitment is,
of course, to classify adults as nannies or billies and use

kid:yearling:nanny ratios. However, weé have been unable to classify all
adults by sex under most survey conditions in Colorada.

Age ratios may also be used as indlces to trends In rates of
reproduction or recruitment. In this procedure, blased age ratios will not
produce inaccurate trends so long as blases are conslstent over time.
Conseguently, age ratios obtained in summer may be used to detect trends
over years or to detect differences among years with different weather
conditions If the same proportion of the adult males In the populatlon can
be classified each year. Standardizing the survey method would support
this goal. Surveys should be conducted during the same time of year and
under the same weather conditions. Observer effort should remain constant
among years, as extra effort in some years may result in the location and
classification of extra adult male goats. Using fixed survey routes would
be a way to control this source of bias.

CENSUS

Lincoln-Petersen censuses require pither animals be marked at random or
that a later random sample be obtained to estimate the proportion of marked
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animals In the population. If adult males are not properly represented In
a marked sample of mountain goats, a late-summer sample of the population
marked:unmarked ratic will be blased if, as suggested here, males are less
gbservable than are females. Solutions to this problem are (1) mark males
and females in proportion to thelr cccurrence in the population, or (2)
perhaps s random sample of the population marked:unmarked ratio can be
obtained during the rutting season.
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CONFERENCE DISCUSSION

Comment - Just a couple of comments instead of questions. Because a
previous paper involved detailed age ratios, I'm not sure that it was
always clear that we're talking sbout implications for age ratics taken
largely from aircraft. You're not able to identify males and females so
that the biases you are talking about are biases when you are calulating
kid ratios and the males are unrepresented. Secondly, with respect to the
adaptive strategy of large groups on open tundra at that time of year,
maybe something we've overlooked here Is that during this season me*ibolic
requirements are extremely high, especlally for the reproducing seg-:nt of
the herd. Kids have high metabollc requirements as do lactating nannies.
It also may be lmportant to put on a lot of tissue In order to get through
the next winter, and what may be going on here Is that the animals simply
cannat find enough high quality forage in & high snough density IFf thay
stay in the cliffs. So, they have to get out where they can forage
efficiently, out of the cliffs, and the only way, as you say, they can do
this safely is to form these large groups.

Q. The survey of Mount Evans in 198l produced an unbalanced sex ratio.
How about the survey that was done in 19807 I know that surveys have been

doneg on Mt. Evans In 1980 and maybe 1979. Are they also exhibiting this
unbalanced male sex ratio?

Ans. In most cases, adult goats were not classifled by sex during those
SUTVEYS.

Comment - I think its entirely possible to sex goats out of alrcraft,
cercalnly out of a helicopter.

Comment - I have a comment on the problem of sexing goats from aircraft in
Colorade. One of the problems we have is with large groups away from
escape terrain. If you fly over, even if your are in a helicopter, you fly
over 40 goats in open terrain. They run Instead of stopping like they do

on cliffs, And what they do on rough terraln 1s spread out all over, or
run into trees.
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